Pseudoephedrine and cetirizine have been combined in dosage forms with more therapeutic benefits when compared with single-drug treatment. The current manuscript reports the development of the first capillary zone electrophoresis (CZE) assay method for that combination. The effects of pH and buffer concentration on resolution, noise, migration time and peak area were examined employing experimental design approach. The analytes were electropherographed into a 50.2 cm-long and 50 mm i.d. fused-silica capillary column using 10 mmol/L borate at pH 8.3 with a potential of 25 kV at 258 8 8 8 8C and UV detection at 214 nm. The method was successfully validated in order to verify its suitability for pharmaceutical analysis for the purposes of quality control. Over previous high-performance liquid chromatographic methods, the current CZE method features the benefits of the use of cost-effective electrolyte, besides high sample throughput (11 samples/h). Furthermore, other analytical results including linear dynamic ranges, recovery (96.9-98.1%), intra-and interday precision (relative standard deviation 1.70%) as well as the limits of detection and quantification ( 2.65 mg/mL) were all satisfactory for the intended purpose.
Previously, patients took both PSD and CTZ separately. Thereafter, it has been found that there is an increased therapeutic effect of the use of the combination of PSD-CTZ when compared with single-drug treatment (1) . Therefore, pharmaceutical manufacturers have prepared that combination, which has been highly recommended for a comprehensive management of allergic rhinitis. Accordingly, the development of assay methods for the purposes of quality control for that combination has become desirable.
It is well known that routine analysis, in general, requires rapid and cost-effective procedures. High-performance liquid chromatography (HPLC) is the dominant technique in pharmaceutical analysis. Unless new approaches like capillary monolith columns are used, conventional HPLC suffers from large-scale solvent consumption. Furthermore, HPLC solvents are usually expensive, especially acetonitrile, the universal solvent. On the other hand, the capillary zone electrophoresis (CZE) technique consumes downscaled and inexpensive reagents. The use of capillary columns in CZE also provides rapid separation. In addition, separation efficiency, reduction in sample preparation, simplicity in operating instrument and possibility of applying a single set of operating conditions to a wide range of analytes are all demonstrated as advantages of CZE over HPLC. Therefore, the extensive utilization of CZE will generate complementary and alternative methods.
Several methods for the assay of PSD and CTZ in pharmaceutical formulations were reported (2) (3) (4) (5) (6) (7) (8) (9) . In this regard, HPLC was the dominant technique and it was exploited for different purposes including quality control (2, 3), stability-indicating study (4) , dissolution test (5) and pharmacokinetic study (6, 7) . Moreover, high-performance thin-layer chromatography (8) and spectrophotometry (9) were exploited as well for the same purpose.
On the other hand, chemometrics, including experimental design approach, is beneficial for optimizing analytical methods because it obtains the highest efficiency of analytical methods in the shortest way. However, when applying experimental design to examine the effect of parameters on targeted characteristics, it is advisable to keep parameters as minimum as possible to avoid a complex matrix (10) (11) (12) (13) (14) (15) (16) (17) .
Interestingly, CZE has not been utilized yet for the assay of the combination of PSD -CTZ. Hence, it has been proposed that a CZE method be proposed, as an alternative to previous HPLC methods. The CZE method is provided for routine analysis for quality control purpose with the advantages of reagent-saving and rapidity.
Experimental
Chemicals, reagents and samples PSD hydrochloride was supplied from MP Biomedicals Inc. (Solon, OH, USA). CTZ hydrochloride was supplied from Clearsynth Labs Pvt. Ltd. (Mumbai, India). Sodium hydroxide and sodium phosphate were supplied from Merk (Darmstadt, Germany). Acetic acid, boric acid, sodium acetate and sodium tetraborate decahydrate were supplied from Sigma-Aldrich (Taufkirchen, Germany). Orthophosphoric acid (85% puriss) was prepared by SigmaAldrich (Seelze, Germany). Some excipients including carnauba wax, crospovidone, hydroxypropyl cellulose, lactose, magnesium stearate and titanium dioxide were a generous gift from Spimaco Addaweih Factory for Pharmaceuticals (Riyadh, Saudi Arabia).
Zyrtec-D w tablets (120 mg PSD and 5 mg CTZ) were prepared by Pfizer (NY, USA). Cirrus w tablets (120 mg PSD and 5 mg CTZ) were prepared by UCB Farchinm SA (Bulle, Switzerland).
Preparation of buffer, standard solutions, placebo samples and pharmaceutical samples Various concentrations of borate buffer were prepared in the appropriate way. pH was adjusted to various values using 1 mol/L NaOH. 1000 mg/mL as a single stock standard solution was prepared for each of PSD and CTZ. Mixed standard solutions were prepared at different concentrations of both drugs by dilution. Before introducing into the CZE system, all solutions were filtered by 0.45-mm PTFE membrane filters. Both solutions were stored protected from light at ambient conditions for 7 days. A previous chromatographic study of the stability of the standard solutions of PSD and CTZ (5) reported that all of the assay results during 7 days were within 98-102% of the initial value and no degradation products were observed in the chromatograms.
Three placebo mixtures containing excipients usually found in tablets formulations were prepared to examine the selectivity of the method. The placebo samples were prepared at three levels of 50, 100 and 150% of the label claim for each individual drug.
For sample preparation, 20 tablets were accurately weighed and finely powdered. An appropriate amount was transferred into a 25-mL volumetric flask. A suitable volume of water was added to dissolve the analytes. The mixture was sonicated for 30 min and filled to the mark. Ten milliliters was then centrifuged at 3000 rpm for 15 min. Thereafter, a 1-mL aliquot from the supernatant was decanted to another 10-mL volumetric flask and filtered by a 0.45-mm PTFE membrane filter.
Instrumentation and software packages
The CZE system used in the current study was P/ACE MDQ, which was equipped with a photodiode array detector. The system was manufactured by Beckman (Fullerton, CA, USA). The software that was used for controlling the CZE system and handling data was 32-Karat version 7.0. The capillary column was fused silica (50.2 cm long and 50 mm i.d.). The capillary was housed in a cartridge with a detector window of 100 Â 800 mm (10 cm to the detector, short end injection). Hydrodynamic injection mode was applied for sample loading. Before each run, the capillary was sequentially washed by 0.1 mol/L sodium hydroxide for 1.0 min, distilled water for 1.0 min and the electrolyte for 1.5 min.
Methods
Electrophoretic parameters, instrumental and chemical, potentially influencing the performance of the method were optimized. Experimental design was exploited to examine the effect of pH and buffer concentration on resolution, noise, migration time and peak area. Other electrophoretic conditions were optimized employing the univariate approach. For optimizing pH and buffer concentration, the 3 2 full-factorial design was applied. The base 3 stands for the three levels of the variables (low, medium and high). The power 2 stands for the number of conditions to be optimized. The examined levels of borate buffer were 10.0, 42.5 and 75 mmol/L. The examined pH levels were 8.3, 9.3 and 10.3. Moreover, the data obtained from the factorial design was interpolated using the software SigmaPlot w . Then, the response surface plots were constructed. On the other hand, the guidelines recommended by the International Union of Pure and Applied Chemistry (18) were adopted for method validation.
Results

Method validation
The analytical results of method validation are introduced in Tables I and II . An electropherogram for 120 mg/mL PSD and 5 mg/mL CTZ extracted from tablets is depicted in Figure 2 .
Discussion
Method optimization
Following the practice of CZE (10 -12, 15 -17) , the examined range of voltage was 5 -30 kV. High sample throughput could be obtained at high voltage while sufficient separation might not be obtained. To compromise between analysis time and separation efficiency, 25 kV was set as the optimum. On the other hand, the practicable range of injection time of 1.0 -20.0 (10 -12, 15 -17) was examined. Short injection time improves peak symmetry and reduces peak area. Hence, 10 s was adopted at pressure 0.5 psi. Moreover, because no significant effect on separation efficiency was observed at different temperatures of the capillary column, the normal temperature of 258C was set.
For chemical condition optimization, acceptable baseline was obtained from all examined conditions previously described. On the other hand, pH is an effective condition on resolution because it affects both the overall charges of the solute and the electroosmotic flow. However, the results of experimental design revealed that buffer concentration is more effective than pH on resolution. This may be due to the chemistry of the PSD and CTZ, which are not closely related. Furthermore, buffer composition and concentration are also effective on resolution through its influence on the EOF and the current produced in the capillary. Interestingly, satisfactory separation, with resolution values of .2.0, was achieved in all experimental conditions. This issue could be attributed to the adoption of appropriate buffer type and appropriate pH levels, which are based on the pK a values of the analytes and the buffer. The pK a value for PSD is 9.22, while those for CTZ are 8.3, 2.9 and 1.6. Borate buffer, which has a pK a value of 9.5, was adopted. On the other hand, it has been found that borate concentration and pH are more effective on the migration time of CTZ than that of PSD. For the response of the peak area of PSD, it has been found that buffer concentration is much more effective than pH. However, a significant effect was recorded at the medium pH, i.e., 9.3. In contrast, buffer concentration at high pH levels is much more effective on the peak area of CTZ. As previously discussed, the main objective of the current work was to provide a rapid and reagent-saving method with the adoption of the minimum level of buffer concentration (10 mmol/L) and the minimum level of pH (8.3) as optimal because they presented a rapid migration with a satisfactory resolution. At those levels, the noise and the peak areas of both drugs are also suitable for the analysis of pharmaceutical formulations, since they are major components.
Method validation
It has been found that PSD migrated before CTZ. The migration times for PSD and CTZ were 1.15 and 1.80 min, respectively. This electrophoretic behavior agrees with the properties of the analytes in terms of acid-base equilibrium and chemical nature. The pK a values for PSD and CTZ are presented above. From the view point of analysis time, the migration time for PSD is comparable with the corresponding retention times obtained from a previous HPLC method (2) . In contrast, another previous HPLC method (3) recorded much longer retention time for PSD (Table II) . For CTZ, the migration time obtained from the current CZE method is shorter than the retention times obtained from previous HPLC methods (2, 3) (Table II) .
The linearity of the proposed CZE method was tested by preparing three replicates of standard solutions at five concentration levels. The previous HPLC methods (2, 3) presented wider ranges of PSD than the current CZE method. In return, the linear range of CTZ obtained from the CZE method was wider than that of a previous HPLC method (2) while comparable with that of another HPLC method (3). The recovery of the current CZE method was examined for Zyrtec-D w and Cirrus w tablets. A previous HPLC method (2) was adopted as a reference. Acceptable recoveries of both drugs in both products were obtained (Table II) . In addition, no significant peaks were observed in the electropherogram of placebo samples indicating good selectivity in the presence of inactive ingredients of tablet formulation. Moreover, the recovery of the current CZE method has been found to be comparable with those reported in two previous HPLC methods (2, 3).
The limit of detection (LOD) was calculated using the 3 s criterion that corresponds to a signal equal to three times the standard deviation of the background noise. The limit of quantification (LOQ) was estimated using the 10 s criterion. The current CZE method recorded suitable LODs and LOQs (Table II) for pharmaceutical analysis. The LOD of PSD obtained from the current CZE method was comparable with that of a previous HPLC method (2) . For the LOD of CTZ, the CZE recorded a higher level than those obtained from a previous HPLC method (2) . However, the LODs and LOQs of both drugs obtained from the CZE method are satisfactory for the intended purpose of the method.
The intraday (the average of ten measurements that were taken within a day) and interday precisions (the average of five measurements that were taken over 5 days in a week period of time) were examined. The precision was determined at three concentrations for both drugs. 10, 30 and 50 mg/mL were adopted for PSD. 5, 40 and 90 mg/mL were adopted for CTZ. As shown in Table II , the recovery obtained from the HPLC methods (2, 3) were better than those of the CZE current method, although the latter was within the acceptable range (96.9-98.1%).
In another context, the sample frequency of the CZE method was found to be 11 samples/h, since the column conditioning took 3.5 min and the separation took 2.0 min. In a previous HPLC method (2) , only the separation process took 5 min. Another beneficial feature of the CZE method is the reagent saving. In general, CZE is microscaled reagent based while HPLC is milliscaled reagent based, which are due to the dimensions of the corresponding capillaries and columns.
Conclusion
A suitable CZE method for the analysis of the binary mixture of PSD and CTZ was reported. A comparative study with previous HPLC methods was presented as well. The major advantage of the current CZE method over previous HPLC methods is the downscaled reagent consumption: milliliters per day for CZE versus centiliters per day for HPLC. In addition, the simpler composition of the electrophoretic electrolyte with its lower cost for the current CZE method than the corresponding mobile phases of previous HPLC methods is another advantage. For other analytical features, no significant differences between CZE and HPLC techniques were recorded. Hence, the current CZE method could be more appropriate than HPLC methods for industrial-scale analysis.
